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0 Liquid crystal display device. 

® In an active matrix liquid crystal display device 
in which a source and gate buses are an-anged in a 
matrix form, thin film transistors are provided at 
intersections of the source and gate buses and dis- 
play electrodes are driven by applying voltage there- 
to via the thin film transistors, source bus repair 
conductive layers (41) are provided which extend 
along the source buses (19) in opposing relation 
thereto across an insulating layer (23). When any 

a one of the source buses (19) is broken, the repair 
conductive layer (41) and the broken source bus (19) 
<Ocan be connected at both sides (43) of the broken 
00 portion (44) by laser welding (LB). 
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LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 

The present invention relates to an active ma- 
trix liquid crystal display device wliich has a wide 
active or display area and provides a high resolu- 
tion display. 

A conventional liquid crystal display device of 
this kind has such a construction as shovwi in Fig. 
1, wherein a pair of opposed transparent base 
plates 11 and 12 as of glass are separated by a 
spacer 13 interposed therebetween along their 
marginal portions, and liquid crystal 14 is sealed in 
the space defined by the transparent base plates 
11 and 12 therebetween. 

The transparerrt base plate 1 1 has on its inside 
a plurality of display electrodes 15 and thin film 
transistors 16 formed as switching elements in con- 
tact therewith and having their drains connected 
thereto. On the inside of the other transparent base 
plate 12 there is formed a transparent common 
electrode 17 opposite the display electrodes 15 
across the liquid crystal 14. 

The display electrodes 15 are, for example, 
pixel electrodes. As depicted in Fig. 2. the trans- 
parent base plate 11 has square display electrodes 
15 closely arranged in a matrix form and gate and 
source buses 18 and 19 formed close to and 
extending along the electrode arrays in the row and 
column directions, respectively. At the intersections 
of the gate and source buses 1 8 and 1 9 there are 
disposed the thin film transistors 16, which have 
tiieir gates and sources connected to the gate and 
source buses 18 and 19 at their intersections and 
have their drains connected to the display elec- 
trodes 15. 

Applying voltage across a selected one of ei- 
ther of the gate and source buses 18 and 19. only 
the associated thin film transistor 16 is turned ON 
to store charges In the display electrode 15 con- 
nected to its drain, applying voltage across only 
that portion of the liquid crystal 14 sandwiched 
between the activated display electrode 15 and the 
common electrode 17. As a result of this, only that 
portion of the liquid crystal display corresponding 
to the display electrode 15 is rendered transparent 
or nontransparent to light, thus providing a selec- 
tive display. The display can be erased simply by 
discharging the charges stored in the display elec- 
trode 15. 

Figs. 3 and 4 show a prior art example of the 
thin film transistor 16. On tfie transparent base 
plate 11 the display electrode 15 and tiie source 
bus 19 are each formed by a transparent conduc- 
tive film as of ITO and a semiconductor layer 22 as 
of amorphous silicon is deposited which bridges 



the gap between the display electrode 15 and th6 
source bus 19 along their parallel-opposed mar- 
ginal edges. The semiconductor layer 22 is cov- 
ered with a gate insulating film 23 as of silicon 

5 nitride almost all over the base plate 11. Con- 
sequently, the gate Insulating film 23 is common to 
all the thin film transistors 23. On the gate insulat- 
ing film 23 tiiere is deposited a gate electrode 24 
which overlaps the display electrode 15 and the 

10 source bus 19 through the semiconductor layer 22. 
The gate electrode 24 is connected at one end to 
the gate bus 18. The display electrode 15 and the 
source bus 19 tiius opposed to the gate electrode 
24 constitute a drain electrode 15a and a source 

TS electrode 19a, respectively. The drain and source 
electrodes 15a and 19a, the semiconductor layer 
22, the gate insulating film 23. and the gate elec- 
trode 24 make up the thin film transistor 16. The 
gate electrode 24 and the gate bus 18 are simulta- 

20 neously formed of, for instance, aluminum (Al). The 
drain and source electrodes 15a and 19a are cov- 
ered with ohmic contact layers 25 and 26, which 
are n*-type layers, for example. 

The display electrodes 15 are each connected 

25 via the associated thin film transistor 16 to the 
source and gate buses 18 and 19, and hence is 
switched between display and non-display states in 
dependence on the ON and OFF states of the thin 
film transistor 16. 

30 The source and gate buses 19 and 18 may 
sometimes be broken in the course of manufacture. 
If a bus line is broken, no drive signal is applied to 
tiie isolated segment of the line and pixels con- 
nected to tiiat segment cannot be driven. 

35 To avoid the above shortcoming of the prior 
art, it has been proposed to employ, for example, a 
display structure in which spare bus lines for repair 
use are provided at terminating ends of the gate 
and source buses 18 and 19 as disclosed in Don- 

40 aid E. Castieberry et al. "A 1 Mega-Pixel Color a-Si 
TFT Uquid-Crystal Display." SID INTERNATIONAL 
SYMPOSIUM. DIGEST OF TECHNICAL PAPERS. 
Vol. XIX. May. 1988. According to this structure, if 
a bus line is open, the corresponding spare bus 

45 line is connected to the open end segment by laser 
welding so that drive signals are applied to the two 
line segments separated by breakage from the 
Input temilnal and tiie spare bus line, respectively, 
thereby improving yield. With this method, how- 

50 ever. If a bus line is open at two or more places, 
the line segment open at both ends .cannot be 
repaired. 

According to the above conventional structure, 
the spare bus lines for repairing the gate and 
source buses 18 and 19 are provided at the side, of 
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their terminating ends, that Is. at the side opposite 
from their input terminals. Consequently, this pnor 
art structure is defective in that the areas for the 
spare bus lines, which are not related to the dis- 
play operation, must be secured on the transparent 
base plate 1 1 . 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a liquid crystal display device which 
permits repairing breai<age of bus lines without the 
necessity of securing on the base plate large areas 
for spare bus lines for repair use. 

According to the present invention, a repair 
conductive layer is provided opposite each of the 
source buses and/or gate buses across an insulat- 
ing layer. When a bus is broken, the repair conduc- 
tive layer is connected to the broken line portion 

for repairing it 

Accordingly, the present invention precludes . 
the necessity of providing spare bus lines for repair 
use on the transparent base plate, and hence af- 
fords reduction of the area of a portion which does 
not participate in the display operation. Besides, 
the present invention permits also repairing of a 
bus line broken at two or more places. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view for explaining the 
prior ait^ ^ ^ ^^^^ ^ conventional 

liquid crystal display device, for explaining its con- 
struction; , . . 

Rg 3 is an enlarged plan view for explaining 
the construction of the conventional liquid crystal 

display device: 

Fig. 4 is a sectional view for explaining the 
construction of the conventional liquid crystal dis- 
play device; 

Rg. 5 is a plan view illustrating an embodi- 
ment of the present invention; 

Rgs. 6A and 6B are sectional views for 
explaining the principal part of the present Inven- 

^ Rgs. 7 through 10 are sectional views illus- 
trating modified forms of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A description will be given, with reference to 
Rgs 5 6A and 68. of an embodiment of the 
present'lnvention. in which the parts corresponding 
to those in Figs. 1 through 4 are identified by the 



same reference numerals. The present invention 
has Its feature in that repair conductive layer seg- 
ments 41 are deposited on an insulating layer 23 
overlying a chromium or similar refractory metal 
5 layer which forms the source buses 19. 

In this embodiment the repair conductive layer 
segments 41 are deposited in the form of line 
segments on the insulating layer 23 and extend 
above each source bus 19 lengthwise thereof be- 
10 tween each adjacent gate buses 18 as shown in 
Rgs. 5. 6A and 6B. The insulating layer 23 is 
deposited almost all over the top surface of the 
transparent base plate 11 and serves as a common 
gate insulating film for the thin film transistors 16. 
75 The repair conductive layer segments 41 can be 
formed of aluminum at the same time as the 
source buses 19 are deposited, for example. The 
repair conductive layer segments 41 are formed 
along each source bus 19 except at places where 
20 the gate and source buses 18 and 19 cross each 
other as depicted in Rg. 5. 

In case where the source bus 19 is broken as 
indicated by 44 in Rg. 6A. laser beams LB are 
applied by a laser welder (a welder utilizing laser 
25 beams) to a repair conductive layer segment 41 
from above at positions (indicated by crosses in 
Rg. 5) on both sides of the broken portion of the 
source bus 19. by which the insulating layer 23 is 
destroyed, and consequently, the repair conductive 
30 layer segment 41 and the source bus 19 can be 
electrically interconnected by molten metal as in- 
dicated by 43 in Fig. 6B. 

Similar repair conductive layer segments 42 for 
each gate bus 18 may also be formed of the same 
35 refractory metal layer as that of the. source bus 19 
In the same plane as that of the latter in opposing 
relation to the gate bus 18 across the Insulating 
layer 23 as shown in Rg. 5. In this instance, each 
repair conductive layer segment 42 extends be- 
40 tween two adjacent source buses 19. 

Rgs. 7 through 9 illustrate modified forms of 
the present invention. These modifications are 
common in that the display electrodes 15. the 
source buses 19 and the thin film transistors 16 are 
45 formed on an undercoat insulating layer 47 depos- 
ited over substantially the entire surface area of the 
transparent base plate 11. tiiat a conductive layer 
pad 46 as of chromium is provided between the 
transparent base plate 11 and the undercoat in- 
50 sulating layer 47 at a position corresponding to 
each ttiin film transistor 16 to prevent it from direct 
exposure to external light and hence prevent it 
from malfunction by the external light, and that a 
transparent conductive layer is used as at least one 
55 part of each source bus 19. The insulating layer 23 
is formed of. for instance, silicon nitride and formed 
by extending the gate insulating film of the tiiln film 
transistors 16 as In the above-described embodi- 
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ment 

In the embodiment shown in Fig. 7 a metal bus 
line 49, formed by a refractory metal layer as of 
chromium, is provided so that its one marginal 
portion covers one marginal portion or the entire 
surface of each source bus 19 formed by the 
transparent conductive fayer, and the metal bus 
line 49 and the transparent conductive layer con- 
stitute the source bus 19. When the bus line 19 is 
broken, the metal bus line 49 and the repair con- 
ductive layer segment 41 deposited on the second 
insulating layer 23 are fusion-welded by the laser 
beam LB for electrical connection to repair the 
open line. The laser beam LB may be applied 
either from the underside of the base plate 1 1 or 
from the opposite direction. The repair conductive 
layer segments 41 are deposited using the same 
aluminum as that forming the gate electrodes 24 
and the gate buses 18. 

ITO (an indium-tin oxide) used for the transpar- 
ent conductive layer forming the source bus 19 
contains mobile oxygen, which, when contacting 
the aluminum, readily combines with it in the inter- 
face therebetween. Consequently, an aluminum- 
oxygen combined layer is formed in their interface. 
If a repair conductive layer segment 41 of the 
aluminum and the source bus 19 of the ITO are 
directly interconnected, the aluminum-oxygen com- 
bined layer is fomned in their fusion-welded portion 
and the resistance value of this portion gradually 
increases (which resistance value increases upon 
heat treatment), with the result that the rep^r con- 
ductive layer segment does not work well. 

To avoid this, in the Rg. 7 embodiment the 
metal bus line 49, which is a chromium, nickel, 
nichrome. molybdenum, tantalum, molybdenum- 
tantalum alloy, or similar refractory metal layer, is 
deposited overlapping one marginal portion of the 
transparent ITO conductive layer which fonms each 
source bus 19. and the repair conductive layer 
segments 41 of aluminum are deposited opposite 
the metal bus line 49 across the insulating layer 23 
in the same manner as described above with re- 
gard to* Fig. 5. With such a structure, when the 
source bus 19 is broken, a repair conductive layer 
segment 41 and the metal bus line 49 can be 
fusion-welded by the laser beam at two positions 
on both sides of the broken portion. It has been 
ascertained by the present Inventors that the oxy- 
gen in the ITO is more stable than in the case 
when It combines with the above-mentioned refrac- 
• tory metals, and consequently, the contact resis- 
tance of the ITO and such refractory metal is low 
and stable. 

in the Rg. 8 embodiment the repair conductive 
layer lines 41 are formed of the same material as 
that of the light blocking metal layer pads 46 on the 
transparent base plate 11 to extend under cor- 



responding refractory metal bus lines 49 formed on 
the undercoat insulating layer 47 in contact with the 
transparent ITO conductive layers which form the 
source buses 19. The repair conductive layer line 

5 41 and the metal bus line 49 can be fusion-welded 
by the laser beam LB. 

It is evident, in either of the Figs. 7 and 8 
embodiments, that the repair conductive layer seg- 
ments 42 for the gate buses 18. shown In Fig. 5. 

70 and the metal bus lines 49 can be simultaneously 
formed of the same refractory metal In the same 
plane. 

The Fig. 9 embodiment has a structure in 
which repair conductive layer segments 41a and 

75 repair conductive layer line 41b are formed on the 
top of the Insulating layer 23 and under the under- 
coat insulating layer 47 in opposing relation to the 
transparent ITO conductive layer which forms the 
source bus 19. The repair conductive layer lines 

20 41b in the bottom of the undercoat insulating layer 
47. that is, on the top surface of the transparent 
base plate 11 are formed of the refractory metal at 
the same time as the light blocking metal layer 
pads 46. In the Rg. 9 embodiment when irradiated 

25 by the laser beam LB. the insulating layers 23 and 
47 and the transparent conductive layer 19 are 
fused at the laser irradiated position to make a hole 
therethrough, through which the repgur conductive 
layer 41b of the refractory metal contacts the trans- 

30 parent conductive layer 19 and. at the same time, 
is welded to the repair conductive layer 41a of 
aluminum. 

Fig. 10 illustrates a structure for repairing an 
open line of the gate bus 18. Reference numeral 42 
35 indicates a repair conductive layer for the gate bus 
18. In this example the repair conductive layer line 
42 of the same refractory metal as that of the light 
blocking conductive layer pads 46 is deposited 
opposite each gate bus 18 on the transparent base 
40 plate 11. It Is also possible, in this embodiment, to 
employ a structure in which the refractory metal 
bus 49 is deposited in contact with the source bus 
19 and the repair conductive layer segments 41 for 
the source bus 1 9 are formed of aluminum on the 
45 insulating layer 23 in opposing relation to the re- 
fractory metal bus 49 as shown In Rg. 7. 

As described above, according to the present 
invention, when any one of the source and gate 
buses 19 and 18 is broken, the repair conductive 
so layer 41 or 42 can be electrically connected by 
laser welding or the like to the bus at both sides of 
the broken portion, because the repair conductive 
layers 41 and 42 are provided opposite the source 
and gate buses 19 and 18. As will be appreciated 
55 from the above, the structures according to the 
present invention preclude the necessity of provid- 
ing on the transparent base plate 11 areas for open 
line repair wiring pattems, and hence Improve the 
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ratio of the effective display area on the transparent 
base plate 1 1 . 

Moreover, according to the present Invention, 
the repair conductive layers 41 and 42 can be 
deposited simultaneously with the deposition of the 
gate buses 18 or the light blocking conductive 
layer pads 46. since the repair conductive layers 
41 and 42 are formed using the same material as 
that of the gate buses 18 or the light blocking 
conductive layer pads 46, Thus the repair conduc- 
tive layers 41 and 42 can be provided without 
increasing the number of manufacturing steps and 
hence without increasing the manufacturing costs. 
Besides, according to the present Invention, even if 
the same bus line is broken at two or more places, 
they can be repaired. The present Invention im- 
proves yield and hence affords significant reduction 
of manufacturing costs. 

It will be apparent that many modifications and 
variations may be effected without departing from 
the scope of the novel concepts of the present 
invention. 



Claims 

1. A liquid crystal display device in which a 
plurality of parallel source buses and a plurality of 
parallel gate buses perpendicular thereto are 
fonned in one and another planes, respectively, on 
one surface of a transparent base plate, thin film 
transistors are provided at Intersections of said 
source and gate buses, and a picture element area 
of liquid crystal opposite each of display electrodes 
formed in a matrix array in said one plane in which 
said source buses are provided is driven by ON- 
OFF control of said thin film transistors; compris- 
ing: 

an Insulating layer formed at one side of each of 
said source buses; and 

a source bus repair conductive layer formed op- 
posite said each source bus across said insulating 
layer and extending along said each source bus. 

* 2. The liquid crystal display device of claim 1 
wherein said insulating layer Is formed to extend 
over substantially the entire area of said one sur- 
face of said transparent base plate between said 
source buses in one plane and said gate buses in 
the otiier plane and constitutes a gate insulating 
film of each of said thin film transistors and said 
source bus repair conductive layer extends be- 
tween two adjacent ones of said gate buses on 
said Insulating layer at the same side as said gate 
buses are formed. 

3. The liquid crystal display device of claim 2 
wherein each said source bus is fonned by a 
narrow transparent conductive layer and a metal 
bus line of a refractory metal extending along one 



side of said narrow transparent conductive layer, 
with their marginal portions overlapping easch otii- 
er. and said source bus repair conductive layer is 
formed of the same metallic material as that of said 
5 gate buses and are opposite said metal bus line of 
said each source bus across said insulating layer. 

4. The liquid crystal display device of claim 1, 
2, or 3 wherein a gate bus repair conductive layer 
Is formed and extends between two adjacent ones 

70 of said source buses in opposing relation to each 
of said gate buses across said insulating layer. 

5. The liquid crystal display device of claim 1 
wherein said insulating layer is formed between 
said source buses in said one plane and said 

IS transparent base plate almost all over said one 
surface of said transparent base plate, and a light 
blocking layer and each of said source bus repair 
conductive layer are formed of the same refractory 
metal between said insulating layer and said trans- 

20 parent base plate in opposing relation to each of 
said tiiin film transistors, 

6. The liquid crystal display device of claim 5 
wherein each of said source buses is formed by a 
narrow transparent conductive layer and a metal 

25 bus line of a refractory metal extending along one 
side of said narrow transparent conductive layer, 
with their marginal portions overlapping each other, 
and said source bus repair conductive layer is 
formed opposite said metal bus line across said 

30 Insulating layer and extends along said metal bus 
line. 

7. The liquid crystal display device of claim 6 
wherein a gate bus repair conductive layer extend- 
ing along said each gate bus in opposing relation 

35 thereto is formed of said refractory metal in the 
same plane in which said metal bus line is formed. 

8. The liquid crystal display device of claim 7 
wherein said gate insulating film of said thin film 
transistors is formed between said source buses in 

40 said one. plane and said gate buses in said other 
plane almost all over said one surface of said 
transparent base plate. 

9. The liquid crystal display device of claim 5 
wherein said gate insulating film of said thin film 

45 transistors is formed between said source buses In 
said one plane and the array of said display elec- 
trodes almost all over said one surface of said 
transparent base plate, and said gate buses are 
formed on said gate insulating film. 

50 10. The liquid crystal display device of claim 9 

wherein another source bus repair conductive layer 
is formed of the same material as that of said gate 
buses on said gate insulating film in opposing 
relation to each of said source buses. 

55 11. A liquid crystal display device In which a 
plurality of parallel source buses and a plurality of 
parallel gate buses perpendicular thereto are 
formed in one and another planes, respectively, on 
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on© surface of a transparent base plate, thin film 
transistors are provided at Intersections of said 
source and gate buses, and a picture element area 
of liquid crystal opposite eacii of display electrodes 
formed in a matrix in said one plane in which said 5 
source buses are provided is driven by ON-OFF 
control of said thin film transistors, comprising: 
an insulating layer formed between said transpar- 
ent base plate and an array of said source buses, 
said display electrodes and said thin film transis- io 
tors almost all over said base plate: 
a light blocking metal layer formed opposite each 
of said thin film transistors across said insulating 
layer; and 

a gate bus repair conductive layer fomied of the 15 
same material as that of said light blocicing metal 
layer in opposing relation to each of said gate 
buses across said Insulating layer. 

12. The liquid crystal display device of claim 

11 wherein gate insulating films of said thin film 20 
transistors are fornied unitally as a common gate 
insulating film on said array of said display elec- 
trodes and said source buses to extend almost all 
over said one surface of said transparent base 
plate, and said gate buses are fonmed on said 25 
common gate insulating film. 

13. The liquid crystal display device of claim 1. 
2. or 3 wherein said source bus repair conductive 
layers are formed of aluminum. 
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